We report a failure to find a repetition deficit in recall following the rapid serial visual presentation (RSVP) of words within sentences, using adjectives rather than nouns as the critical items. In a series of experiments that ruled out participant and procedural differences as the source of the failure, both word class and list context were found to moderate the repetition deficit, but grammatical necessity did not. The presence in the list of sentences in which the repeated adjectives were separated by more than 3 words (i.e, more than 400 ms in RSVP) not only eliminated the repetition deficit for the recall of those sentences but also for the recall of sentences in which the repeated adjectives were separated by 3 or fewer words (i.e., less than 400 ms in RSVP). However, although substantially reduced, a repetition deficit with noun-based materials was still found in this list context. Matching the adjective-based sentences with the noun-based sentences in sentence length and position of the critical items revealed that the moderating effect of word class on the repetition deficit was mediated by the biases in sentence structure that using different word classes tend to induce.
likely to recall the word "cab" following the RSVP of the sentence "That cab passed our cab very quickly", possibly even to a greater extent than following the RSVP of the control sentence "That taxi passed our cab very quickly", they will be less likely to recall both occurrences of the word "cab" in the former than both the word "taxi" and the word "cab" in the latter. Kanwisher (1987) labelled this phenomenon "repetition blindness"-characterizing it as a failure to perceive and subsequently to report the second of the two occurrences of the repeated word.
Such repetition deficits in RSVP appear to be robust, transcending such nominal impediments as violations of grammaticality and meaning, compounds (e.g., a repetition of the word "dog" following a presentation of "hot dog" or even "hotdog"), shifts in both meaning and word-class (e.g., "rose" as a noun following "rose" as a verb), and so on (see, e.g., Kanwisher & Potter, 1990) . Nor does the effect appear to be limited to the RSVP of repeated words in sentence frames. Apparently similar effects have been found inter alia with the RSVP of repeated letters in word and pseudo-word frames (e.g., Kanwisher, 1987) , and with the RSVP of repetitions of coloured letters and colour patches (Kanwisher, 1991) . Such deficits have even been shown to transcend the presentation format: words presented first as pictures and then as nouns (e.g., a picture of a cat followed by the word "cat"; or vice versa) still result in a repetition deficit so long as the encoding dimensions used for each are the same (Bavelier, 1994) . Moreover, as long as the sequences are short enough, it is even possible to demonstrate a repetition deficit along one dimension (e.g., locations) while attention is directed to the report of an orthogonal dimension (e.g., letter identity; Epstein & Kanwisher, 1999) .
The Type/Token and Other Perception-based Accounts
To account for these repetition-based deficits, it has been suggested that when the elements of an item, such as the words in a sentence, are presented sufficiently rapidly, repetitions of the words are perceived or encoded as an enhancement or strengthening of a pre-existing type, rather than registering as yet another token occurrence of a previously experienced word within the sentence (e.g., Kanwisher, 1987) . According to this view, although participants may arrive at the subsequent recall task with evidence that a token of the repeated word occurred in the RSVP of the sentence, they have no independent evidence in the form of a remembered perception that more than one exemplar of that word was experienced. According to the type/token account, then, participants tend to fail to report the second of the two RSVP presentations of a repeated word within a sentence because they fail to perceive (i.e., create an independent representation of) the second occurrence of the repeated word, hence the term "repetition blindness". Related accounts differ in important ways about whether the correct characterization is one of type activation with token individuation failure. However, they also locate the repetition deficit in the perception (and/or encoding) of the second occurrence of the repeated item, accepting the participants' recall as a more or less unbiased, if possibly somewhat generally attenuated, report of their RSVP perceptual experience (e.g., Abrams, Dyer, & MacKay, 1996; Arnell & Jolicoeur, 1997; Hochhaus & Marohn, 1991; Humphreys, Besner, & Quinlan, 1988; Luo & Caramazza, 1995; MacKay, Miller, & Schuster, 1994) .
Retrieval-Time Processes Accounts
Perception-based accounts of repetition deficits in RSVP have not gone unchallenged, however. Alternative accounts also vary, but in general argue that the difficulty may be directly with the retrieval-time report of repetitions following the RSVP of items containing repetitions, not necessarily the perception or encoding of them; in the normal course of recall it may simply be more difficult to remember or to construct for report repetitions qua repetition than it is to remember or to report upon unique, individual events, particularly when resources are sufficiently taxed at encoding, as in the RSVP of words within sentence frames. Under these conditions, our normal recall, reconstruction, or report strategies and mechanisms are forced to rely on partial or degraded and possibly ambiguous information. That is, the RSVP of repeated words in sentences may be such that the usually occult weaknesses and biases of these retrieval-time processes may be revealed, as may be their strategic and heuristical nature (cf. Armstrong & Mewhort, 1995; Fagot & Pashler, 1995; Greene, 1991; Whittlesea, Dorken, & Podrouzek, 1995; Whittlesea & Wai, 1997) .
Both the perception-based and retrieval-time processes accounts of repetition deficits in RSVP assume that such effects are a natural, more or less automatic consequence of either the perception/encoding of repetitions during RSVP or the retrieval-time report of them, at least under the encoding and retrieval conditions common in the literature, and, hence, quite robust. In the experiments reported here, however, we found the phenomenon to be surprisingly labile, responding to seemingly innocuous variables and conditions in ways not immediately explained by either general account.
Experiment 1
Experiment 1 was intended as a straightforward replication of Experiment 1 of Kanwisher and Potter (1990) . It included a few differences from the materials of Kanwisher and Potter (1990) that were not considered of fundamental importance in producing the phenomenon from the theoretical perspective of the type/token or other perception-based accounts; indeed, the experiment was run simply to verify that these differences were not important in producing repetition deficits in RSVP.
The key material difference of interest was the use of sentences in which altering the repetition word or even eliminating it entirely from either or both of the repetition positions in the sentence would not result in either an ungrammatical sentence, or one changed materially in meaning; the idea here was to produce sentences that participants would not feel compelled to "fix-up" or otherwise adjust at recall if failing to recall the repeated word (in either or both positions) would result in an "awkward" sentence in either syntactic or semantic structure. For example, a canonical sentence frame from Kanwisher and Potter (1990) would be "That cab/taxi passed our cab very quickly". For such sentences, in which nouns were used predominantly as the repeated words, failing to recall "cab" from its second position would result in an ungrammatical, if not a meaningless sentence. Kanwisher and Potter (1990) used such sentences to good rhetorical effect; to achieve repetition deficits in RSVP with such materials heralds the robustness of the phenomenon: it transcends what otherwise would be considered powerful retrieval-time processes and biases favouring reconstructions in the direction of both grammar and meaning. In contrast, it might be expected from at least some versions of a retrieval-time processes perspective that using sentences containing repeated words not subject to such biases and reconstruction processes would, if anything, enhance the magnitude of the repetition deficit in RSVP.
To create such sentences, we used predominantly adjectives as the focal points of repetition and non-repetition because, used judiciously, they may be dropped without affecting either the grammaticality or, generally, the meaning of the sentence. Thus, a canonical sentence frame from our corpus would be "The / /sad/glum/ woman wrote / /sad/glum/ poems." Following the RSVP of a repetition version of this sentence frame, "The sad women wrote sad poems", recalling, say, "The sad woman wrote poems" would not immediately flag the failed recall of the repetition of the word "sad" with a shift in meaning or mangled syntax. Accordingly, it might be expected that participants would be even more susceptible to repetition deficits with these materials than with the Kanwisher and Potter (1990) materials.
There were other material differences. For reasons not relevant to our current concerns, we used many more sentences, over 100, than is typically used in these tasks; Kanwisher and Potter (1990) , for example, used only 20 sentences in their Experiment 1. We also used sentences with a much greater range in the number of words intervening-what has come to be called the lag-between the critical words of the sentence. Kanwisher and Potter (1990) used sentences with lags of no more than 3 intervening words, as is now typical of such experiments. Our corpus of contained sentences with lags of from 2 to 8 words intervening between the critical words. The production of repetition deficits in recall following RSVP appears to be maximised with inter-stimulus intervals of no more 400 ms (e.g., Kanwisher, 1987) . For the RSVP of words in sentence frames, each word is typically displayed for 117 ms (Kanwisher, 1987) ; thus, lags of only 3 or fewer words may intervene at this rate to meet the critical inter-stimulus interval for maximised repetition deficits in recall following RSVP. Accordingly, it may be expected that the repetition deficit with the longer inter-stimulus intervals with our materials would be reduced, eliminated or even reversed; still, there is no a priori obvious reason to believe that the effect would not continue to occur with the sentences in our corpus containing 3 or fewer intervening words. Kanwisher and Potter (1990) divided their 20 sentences into 4 conditions: repeated, synonym unrepeated (i.e., the first repetition word was replaced with a synonym), unrepeated (i.e., an unrelated word replaced the first repetition word), and blank, in which the second repetition was dropped from the sentence producing, in general, an ungrammatical sentence. In Kanwisher and Potter (1990) , the synonym unrepeated condition did not differ from the unrepeated condition; thus, either could be used as an unrepeated control for the word repetitions in the repeated condition. Accordingly, we divided our sentences into the repeated and synonym unrepeated conditions, neither of which resulted in ungrammatical sentences. Because the synonym unrepeated condition also controls (loosely) for shifts in meaning, it was used as the sole unrepeated control in our experiment. From the perspective of the type/token account of repetition deficits, none of these differences from Experiment 1 of Kanwisher and Potter (1990) should matter: the sentences with repeated items should be more difficult to recall than those without repeated items, especially for those sentences maintaining the critical lag between repetitions.
Method
Participants. Participants were 22 University of Lethbridge undergraduates.
Materials. The materials consisted of 134 meaningful, grammatically correct sentences, each with a different word repeated at two different positions in the sentence. Two of the sentences were used as practise items, leaving 132 test sentences. Of these, 10 had 2 words intervening between the repeated words, 37 had 3, 30 had 4, 30 had 5, 17 had 6, 4 had 7, and 4 sentences had 8 intervening words. The repetition words were predominantly adjectives, although 7 were adverbs, and one was a noun. For each sentence, the repetition-word could be replaced with a synonym (or removed entirely) at either repetition position while maintaining both the grammaticality and the same general meaning of the sentence. Thus, sentences presented with the synonym at one of the two positions served as the unrepeated controls for those sentences presented with the repetition word at both positions.
Apparatus. Apple //GS computers and monitors were used. These monitors have vertical refresh rates of 60 Hz. All displays were synchronised to the vertical raster-scan by updating displays only during the vertical-blanking interval. All display timing was done by first synchronising with and then counting vertical-blanking intervals or 60 Hz (16.67 ms) 'ticks'. All items were displayed in lower-case using the 80x24, white-on-black text mode.
Procedure. Each participant received a unique, random ordering of the sentences. Each sentence was presented in lower-case (with the exception of the capitalised first letter of the first word of the sentence) at the centre of the computer screen. The first two sentences, which were the same for every participant, were practise sentences. Of the remaining 132 sentences for each participant, one-half were unrepeated control sentences and the remainder were repeated sentences, counterbalanced across individuals. Each trial began with a string of asterisks at the centre of the computer screen where the subsequent RSVP of the words of the sentence would appear. Participants initiated the RSVP sequence for that trial by pressing the space-bar on the computer keyboard. Following a 500 ms delay, the RSVP display began. For RSVP presentation, each sentence was preceded a string of ampersands as a prefix-mask and was followed by a string of percent-signs as a suffix-mask. These supplemented sentences were then displayed in what Kanwisher (1991) refers to as the "stationary RSVP" procedure. Each word or character-string of the sentence, except the last, was displayed in the centre of the computer screen for 116.67 ms before being over-written in the same position by the next word or string of the sentence. The display of each word or string was synchronized to the 60 Hz raster-scan of the computer screen. This display time amounted to 7 time ticks (i.e., 7 x 16.67 ms) per word. Following exposure for the same 7 ticks, the terminal mask string remained on the screen as the participant was then prompted for recall of the just-presented sentence. Participants were instructed to recall as many words of the presented sentence as they could remember, and their recall was recorded on audiotape. Participants indicated the termination of their recall by pressing the return key on the keyboard to terminate the trial. These recalls were later transcribed, and served as the basis for the subsequent data analyses. Kanwisher and Potter (1990) . The subsets labelled "3 or fewer (Exp. 1)" and "4 or more (Exp. 1)" refer to the same subsets of sentences as used in Experiment 1. Differences significant at the .05 level are flagged with an asterisk (*), along with the corresponding 95% confidence intervals for within-subject effects (Loftus & Masson, 1994 
Results
Different measures of repetition deficits have been used for these tasks. Some of these measures assume that it is possible to know from which of the two repetition positions a given word was recalled or failed to be recalled. However, with the free recall procedure used here (and in, e.g., Kanwisher & Potter, 1990; Bavelier, 1994; Whittlesea & Wai, 1997) , it is not possible to determine precisely whether a single recall of a repetition word was from the first or second position, even if a participant places it in one of those two positions in the output string (cf. . Accordingly, we compare simply the rate of recalling the repetition word twice from repeated sentences to the rate of recalling both the repetition word and its synonym from the unrepeated control sentences (cf. Kanwisher, 1991) . Following Kanwisher (1991) , these two rates of recall are referred to as the repeated and the unrepeated rates, respectively. A repeated rate less than the unrepeated rate is indicative of a repetition deficit. The results of this analysis are shown in Table 1 . For all experiments reported in this paper, effects were assessed for significance at the alpha = 0.05 level, using participants as the unit of analysis.
Overall, there was no repetition deficit; the mean repeated rate of recall was not significantly different from the mean unrepeated rate, F (1, 21) < 1; MSE = 0.007. However, of 132 test trials, 95 of them involved sentences in which the number of words intervening between the two critical words was 4 or more. As noted previously, in Kanwisher and Potter (1990) , the lag in the number of intervening words was always 3 or fewer. Consequently, the current data were split between those sentences containing 4 or more intervening words and those, as in Kanwisher and Potter (1990) , that contained 3 or fewer. These results are also shown in Table 1 . The data for both lag-types were submitted to a 2 (lag) x 2 (repetition) within-subjects ANOVA. The effect of lag was significant; more critical pairs of words were recalled from sentences with lags of 4 or more words (M = 0.36) than from those with lags of 3 or fewer words (M = 0.28), F (1, 21) = 25.4; MSE = 0.006. Critically, however, repetition was not significant as a main-effect [F (1, 21) < 1; MSE = 0.015], nor did it interact significantly with lag, F (1, 21) < 1; MSE = 0.004. Simple-effects analyses of repetition within each of the lag conditions (using the interaction error term) revealed no significant repetition deficits for either lag condition (maximum F = 1.18).
Discussion
Clearly the results of Experiment 1 are surprising from the perspective of either the type/token or the retrieval-time processes accounts. On the somewhat desperate possibility that there was something peculiar about the participants in Experiment 1, we repeated the experiment with new participants in the subsequent semester; the results were the same: no effect of repetition. For the type/token account, even if it were to be acknowledged that the failure to obtain a repetition deficit in RSVP with the long-lag sentences is not completely out of line with previous, related work, as the long-lags are beyond the critical 400 ms inter-stimulus interval apparently required at input, failing to find it with the remaining 47 sentences that had 3 or fewer words intervening between the repetitions is unexpected. In contrast, from the retrieval-time processes perspective, the use of syntactically and semantically unnecessary words as the critical items would be expected, if anything, to have increased the magnitude of the repetition deficit.
Perhaps equally puzzling is why, in the absence of a repetition deficit, there was still an effect of the lag in RSVP between the critical items. The effect of lag has typically been to reduce or eliminate the repetition deficit: lags of 4 or more items (i.e., more than 400 ms between critical repetitions) typically show a reduced or no repetition deficit (e.g., Kanwisher, 1987) . In this experiment, however, there was no repetition deficit, even for short-lag sentences, but both repeated and control (non-repetition) pairs of critical items evinced an effect of lag. But why if the effect of lag is usually tied to repetitions should the lag between non-repetition words matter? It shouldn't, unless, as with the repetition pairs, there is something that links the two words together. One possibility is that there was no repetition deficit in this experiment because both the repetition and control sentences were subject to the same deficit at short lags. Control pairs in this experiment were synonyms. Although Kanwisher and Potter (1990) found no difference between their unrepeated, synonym and non-synonym control pairs, it may be that our predominantly adjective synonyms are more synonymous than the noun synonyms used by Kanwisher and Potter (1990) , and consequently were as susceptible to the repetition effect as were the actual repetition items. If so, that susceptibility may have been sufficient to eliminate the expected repetition deficit for the short-lag sentences, and yet still evince an effect of lag on recall. 1 Another possibility for this non-differential effect of lag on both repetition and synonym control items is that it has nothing directly to do with the semantic or identity relation between the repeated items or the synonyms, and that, therefore, contrary to the claims of Kanwisher and her colleagues, has nothing directly to do with repetition deficits in RSVP. Rather, Jolicoeur and Dell'Acqua (1998) have argued that such serial deficits are the expected result of a short-term consolidation process: under highly demanding encoding conditions such as RSVP, successful encoding of an item into a capacity-limited short-term memory, such as the encoding of the first member of a repetition or synonym pair, is associated with a reduced ability to encode any of the immediately subsequent words in the sentence. If so, the critical items of short-lag sentences would tend to be less well recalled than those of long-lag sentences, regardless of the relation (i.e., repeated, synonym, or no relation) between the critical items.
It follows from either of these possibilities that correct recall of critical items (of either type) should be a monotonically increasing function of the length of the lag, and that, in particular, the effect of lag should be most pronounced at the shortest lags. To investigate this possibility, we re-analysed the data as a function of the full range of lags of 2 through 8 intervening words. The results are shown in Figure 1 , which plots the rate of correctly recalling the critical items as a function of lag for both repetition and non-repetition control sentences.
As with the previous analysis, the only significant effect on the rate of correct recall was lag, F (6, 126) = 4.81; MSE = 0.045; as may be seen in Figure 1 , the effect of lag appears to increase from lag 2 to lag 3, and asymptote thereafter. Fisher's LSD test on the means for lag support this interpretation: at an alpha level of .05, the LSD = 0.089 indicates that the mean at lag 2 (M = .19) was significantly different from each of the remaining means (range M = .32 to .38), which did not differ significantly from one another. There was no significant effect of repetition [F (1, 21) = 1.65; MSE = 0.059]. The apparent interaction between repetition and lag in Figure 1 -with longer lags apparently showing a repetition enhancement-was not significant, F (6, 126) < 1; MSE = 0.059; indeed, simple effects at each level of lag using the interaction error-term showed that none of the differences between repetition and control sentences were significant [largest F (1, 126) = 2.79 at lag 8].
Rather than speculate here in any further detail as to why there was no effect of repetition in the RSVP of words in sentence frames in Experiment 1, we will note simply the following, possibly important, differences between our Experiment 1 and that of Kanwisher and Potter (1990): 1. In Kanwisher and Potter (1990) , the number of words intervening between the critical words was always 3 or fewer, whereas the majority of sentences in our Experiment 1 had lags of 4 or more words. Because the critical items of these long-lag sentences were in fact better recalled (whether repetitions or not), perhaps the participants' experience with them resulted in strategic expectations for the minority, short-lag sentences. These expectations could function at input (as might be anticipated from perception-based accounts) as participants begin to monitor the input especially for repetitions, or at recall (as might be anticipated from retrieval-time processes accounts) as participants begin to insert repetitions strategically when in doubt about what they had seen.
2. Only 20 sentences, divided equally among 4 sentence-types were used in Kanwisher and Potter (1990) (so only a minority of the sentences actually contained repetitions), but 134 sentences, divided between only 2 sentence-types, one-half of which were repetition sentences, were used in our Experiment 1. Possibly, the experience with such a large number of repetition sentences within the task is sufficient to eliminate the repetition deficit after a moderate number of trials for either of the reasons just discussed in 1. 3. One of the sentence-types used in Kanwisher and Potter (1990) -the "blank" condition-was ungrammatical, and resembled the recall of repetition sentences with the second repetition deleted; perhaps, as might be expected from a retrieval-time processes account, the mere presence of such sentences is sufficient for participants to "relax" their recall criteria to allow for the corresponding incomplete recall of repetition sentences to be considered acceptable. Kanwisher and Potter (1990) also instructed their participants that some of the sentences they would experience would be incomplete, again reinforcing the idea that an incomplete sentence at recall was not an automatic index of a retrieval failure, and, hence, not in need of "fixing-up". If so, the absence of such features in the current experiment may have been sufficient to reduce, if not eliminate the repetition deficit.
4. In Kanwisher and Potter (1990) the word-class of the critical words was predominantly nouns, whereas it was almost completely adjectives in our Experiment 1. Perhaps nouns are less well encoded than are adjectives (perception/encoding perspective), or are simply more difficult to retrieve (retrieval-time processes account), although why either possibility should be the case, and why either would moderate the effect of repetition are not apparent in either general account.
5. The critical words were grammatically necessary in Kanwisher and Potter (1990) , but grammatically unnecessary in our Experiment 1. As noted, this difference, if anything, would be expected to have increased the repetition deficit according to at least some versions of the retrieval-time processes account. That it didn't could be taken as some support for the type/token and other perception-based accounts, although even they have no principled way to account for how making the critical items grammatically unnecessary could have eliminated the effect, if it did.
6. Using adjectives rather than nouns as the critical items imposes constraints on the construction of the test sentences that result in structurally different positions of the critical words within the sentences and different lags between the critical words. For example, with adjectives, but not nouns, it is difficult to construct a meaningful, grammatically correct sentence that has only a single word or even two words intervening between the two critical words, especially if the adjective is to be repeated, which is why the majority of even the 3 or fewer adjective sentences of Experiment 1 had 3 words intervening, and none had lags of only one word. In contrast, only a minority (20%) of the 20 noun-based sentences in Kanwisher and Potter (1990) had lags of 3, and a full 25% had lags of 1. It may be these differences resulting from constraints imposed by word class that are responsible, at least in part, for the failure to find a repetition deficit (cf., Abrams et al., 1996) . Differences 1-3 were explored in various ways in Experiments 2-4. Differences 4-6 were investigated in Experiment 5.
Experiment 2
Experiment 2 investigated whether it is possible to replicate the results of Experiment 1 of Kanwisher and Potter (1990) within our simplified procedure of only two sentence types-repetition and synonym control sentences. To that end, we substituted the 20 sentences from Experiment 1 of Kanwisher and Potter (1990) for the 132 test sentences from our Experiment 1, but otherwise duplicated the procedures of our Experiment 1.
Method
Participants. Participants were 8 University of Lethbridge undergraduates.
Materials and Procedure.
The twenty sentences from Experiment 1 of Kanwisher and Potter (1990) were used as materials. Only the repeated words and synonyms versions of the sentences (not the unrepeated control nor the "blank" versions) were used. A further three sentences of the same type from the "identical word sentences" of Experiment 5 of Kanwisher and Potter (1990) were used as practice items for all subjects. The procedure was otherwise identical to that used in Experiment 1: inter alia, for each participant, one-half of the test sentences were synonym, non-repetition control sentences and the remainder were repetition sentences, counterbalanced across individuals.
Results and Discussion
There was a substantial repetition deficit in RSVP; as shown in Table 1 , the unrepeated rate of recall was significantly higher than the repeated rate, F (1, 7) = 23.6; MSE = 0.034. Thus, the procedures, equipment, and participants used in the current studies are sufficient to generate quite substantial repetition deficits in RSVP with the original Kanwisher and Potter (1990) materials as modified to match the procedures of our Experiment 1. Consequently, the specific materials used in Experiment 1, as opposed to other aspects of the procedure, appear to be the locus of the failure to find repetition deficits in RSVP in Experiment 1.
Experiment 3
In Experiment 3, we investigated whether the failure to replicate Experiment 1 of Kanwisher and Potter (1990) in our Experiment 1 was a function of the mere contextual presence of the long-lag (greater than 3 intervening words between the critical words) sentences in our experiment by the simple expedient of ensuring that each sentence from Experiment 1 had no more than 3 intervening words between the critical words.
Method
Materials and Procedure.
The materials from Experiment 1 were used, except that the 95 sentences that had 4 or more words intervening between the repetitions were modified to have no more than 3 intervening words. The original 47 sentences that already met this criterion remained unchanged. Thus, at test, every sentence now had an inter-stimulus interval less than 400 ms between repetitions. The procedure was otherwise identical to that of Experiment 1.
Results and Discussion
The results are shown in Table 1 . In contrast to the results of Experiment 1, there was a significant repetition deficit; for the 132 test sentences as a whole, the unrepeated rate was significantly greater than the repeated rate, F (1, 21) = 19.2; MSE = 0.006. Similarly, for the original subset of 47 sentences from Experiment 1 that had 3 or fewer items intervening between repetitions, there was now a significant repetition deficit, F (1, 21) = 11.5; MSE = 0.010. The only difference between Experiment 1 and this experiment was in the 95-sentence test context surrounding this subset of sentences. Thus, it appears that whether or not such sentences demonstrate a repetition deficit in RSVP depends entirely on the characteristics of the other test sentences within which they are embedded. If these other sentences are predominantly sentences with 4 or more words intervening between the repetitions, as in Experiment 1, then no repetition deficit is observed. If, on the other hand, the surrounding context also consists of sentences with 3 or fewer words intervening between the repetitions (as in Experiment 2 and in the current experiment), then a repetition deficit in RSVP is observed.
This context effect is not directly anticipated by the type/token account of repetition deficits. To account for it, the type/token perspective must be augmented to include encoding effects of context. One such possibility, in keeping with repetition deficits being a perceptual phenomenon, is that by experiencing a large number of easily seen (i.e., long-lag) repetitions, as in Experiment 1, participants come to expect them during the encoding of subsequent sentences. This expectation sensitization to repetitions allows them to anticipate, perceive and, hence, subsequently to report the short-lag repetitions. Deprived of this sensitizing experience, as in the current experiment (and in Experiment 2) in which all repetitions were short-lags, the more usual repetition deficit is found. Of course, the retrieval time perspective could argue simply that the sensitization is not perceptual, but rather an implicit learning of the structure of the stimulus set (Higham & Brooks, 1997) . Experience with the plethora of long-lag repetitions (i.e., an unusual English sentence construction) in Experiment 1 increases the tendency of participants to output repetitions. Deprived of this experience in the current experiment (and in Experiment 2), participants are forced to fall back on their more usual response and reconstructive tendencies that, presumably, are biased against the report of repetitions in the recall of English sentences, because, for example, they are commonly elided or replaced with pronoun or other synonyms in typical English sentences (see, e.g., .
Experiment 4
Experiment 4 investigated a slightly different question. Experiments 1 and 3 indicated that a surrounding context consisting predominantly of sentences with 4 or more words intervening between the repetitions is sufficient to eliminate the repetition deficit for our adjective sentences, but is it sufficient to do so for the original noun-based materials of Kanwisher and Potter (1990) and our Experiment 2? To investigate this question, Experiment 1 was replicated, but with the sentences from Experiment 1 of Kanwisher and Potter (1990) and our Experiment 2 added.
Method
Participants. Participants were 14 University of Lethbridge undergraduates.
Materials and Procedure. The materials from Experiment 1 were used, except that the 23 sentences from Experiment 2 [i.e., the Kanwisher and Potter (1990) materials] were added. Three of the sentences from Experiment 1 were substantially similar to some of the Kanwisher and Potter (1990) sentences, and were dropped, and two of the 23 sentences from Experiment 2 were used as the practice sentences. Thus, there were a total of 154 sentences, with 152 actual test sentences. The procedure was otherwise identical to that of Experiment 1.
Results and Discussion
The data were submitted to a 3 (sentence subset) x 2 (repetition) within-subjects ANOVA. The results are shown in Table 1 . There was a significant main effect of sentence subset [F (2, 26) = 3.8; MSE = 0.012], and a marginal (p = 0.09) at best main effect of repetition [F (1, 13) = 3.5; MSE = 0.012]. However, there was a significant interaction of sentence subset with repetition, F (2, 26) = 6.7; MSE = 0.009. Simple effects analyses using the interaction error-term revealed that the effect of repetition was significant only for the Kanwisher and Potter (1990) Although the magnitude of the repetition effect for the Kanwisher and Potter (1990) materials was substantially reduced from that of Experiment 2 (see Table 1 ), it is still the case that they produced a repetition deficit in the Experiment 1 context whereas the adjective materials did not. Clearly, there is something importantly different about the Kanwisher and Potter (1990) materials for producing the repetition deficit in RSVP as compared with even the short-lag (3 or fewer intervening words between the critical words) adjective sentences of Experiments 1, 3 and 4.
One such difference is the distribution of lags. As noted previously, although not a problem for noun-based sentences, it is difficult to construct meaningful, grammatically correct, adjective-based sentences with short lags (especially, as in this case, when the adjectives had to modify subsequent nouns). Thus, whereas 25% (5/20) of the noun-based sentences of Kanwisher and Potter (1990) had lags of 1, and over 50% (11/20) had lags of 2, only 27% (10/37) of even the short-lag adjective sentences of this Experiment and Experiment 1 had lags of 2, and none had lags of 1. To investigate whether these residual differences in lag were responsible for the difference in repetition deficits, the data were re-analysed as a function of the full range of lags of 1 through 8 intervening words. Each sentence subset was analysed separately. The results are shown in Figure 2 , which plots the rate of correctly recalling the critical items for each sentence subset as a function of lag for both repetition and non-repetition control sentences.
For the Kanwisher and Potter (1990) materials, there was a significant effect of repetition [F (1, 13) = 9.61; MSE = 0.074], but no significant effect of either lag (F < 1), or the interaction of repetition and lag [F(2, 26) < 1; MSE = 0.096]. Simple effects analyses using the interaction error-term revealed that there was a significant repetition deficit only at lag 1, F (1, 26) = 5.95, but not at either lag 2 or lag 3, F < 1 in both cases. For the short-lag adjective materials, there was a marginal (p = .06) effect of repetition [F (1, 13) = 4.24; MSE = 0.034], but no significant effect of either lag [F (1, 13) = 1.51; MSE = 0.027], or the interaction of repetition and lag [F (1, 13) = 1.62; MSE = 0.068]. Simple effects analyses using the interaction error-term found at best a marginal repetition deficit at lag 2 [F (1, 13) = 3.74, p = .07], and none at lag 3, F < 1. Finally, for the long-lag, adjective Kanwisher and Potter (1990) noun-necessary materials, and squares denote the adjective materials from Experiment 1. Error-bars are 95% confidence intervals for within-subject effects (Loftus & Masson, 1994) , based on the unique lag x repetition-type x subject mean-square error for each sentence subset.
materials, there was no significant effect of repetition [F (1, 13) = 2.97; MSE = 0.090], lag [F (4, 52) < 1; MSE = 0.059], or the interaction of repetition and lag [F (4, 52) < 1; MSE = 0.061]. However, simple effects analyses using the interaction error-term revealed that there was a significant repetition enhancement at lag 8 [F (1, 26) = 5.24], but not at any of lags 4-7, F < 1 in all cases. Thus, consistent with the apparent trend in Figure 2 of a tendency toward increasing repetition deficits at shorter and shorter lags, and increasing repetition enhancement at longer and longer lags (with the crossover occurring between lags 3 and 4), the shortest lag of 1 evinced the only significant repetition deficit, and the longest lag of 8 evinced the only significant repetition enhancement. Although the evidence is not overwhelming, these results suggest that the differences in the distribution of lags between the Kanwisher and Potter (1990) materials and the short-lag, adjective materials could account, at least in part, for the difference in repetition deficits in RSVP between them.
One further detail to note is the difference between the results of this analysis of the adjective materials and the corresponding analysis of the same materials in Experiment 1, shown in Figure 1 . The pattern of results is quite similar except for the recall of the control sentences at lag 2. Rather than being associated with the lowest mean recall of all the lags as in Experiment 1, lag 2 control sentences were numerically the best recalled on average of the different lags of control sentences in Experiment 4 (see Figure 2) . The only material difference between this experiment and Experiment 1 is the presence of the Kanwisher and Potter (1990) sentences in Experiment 4, so perhaps it is the source of the difference in pattern, although why it should be so is far from clear.
Experiment 5
The results of the previous experiments suggest that there is something peculiar about the Kanwisher and Potter (1990) materials-repetition and control sentences generated using nouns rather than adjectives as the critical items-that makes them particularly susceptible to the repetition deficit following RSVP. The results of Experiment 4 suggest that one possibility is the different distributions of short lags that typically result from generating repetition sentences that are noun-based rather than adjective-based. In this next experiment, that possibility was eliminated by matching the distribution of short lags (less than 4 intervening words) of each word class to that of the Kanwisher and Potter (1990) sentences. As detailed previously, by design, the critical words in the Kanwisher and Potter (1990) materials were grammatically necessary-if either were to be dropped, the resulting sentence would be grammatically incorrect, whereas the critical words in our Experiment 1 were designed to be optional grammatically-they could be dropped with impunity. To facilitate this difference, the critical words in the Kanwisher and Potter (1990) materials were predominantly nouns, whereas those in our Experiment 1 were predominantly adjectives. Experiment 5 investigated whether either one or both of these differences was important for producing the repetition deficit in RSVP.
In this next experiment, every sentence had 3 or fewer words intervening between the repeated words, as in Experiment 3 and the Kanwisher and Potter (1990) materials of Experiments 2 and 4. The word class of the repeated items was manipulated to include nouns, adjectives, and verbs-the last a class not used in the previous experiments. In addition, as detailed subsequently, we independently manipulated the grammatical necessity of the critical nouns and verbs, but not the critical adjectives. Furthermore, each class was matched on sentence by sentence basis to the positions (and therefore lag) of the repetition words in the noun-based sentences of Kanwisher and Potter (1990) .
Method
Participants. Participants were 16 University of Lethbridge undergraduates.
Materials and Procedure.
Five different types of sentences were used. Four of these corresponded to the 4 possible combinations of word class (noun vs. verb) and grammatical necessity (necessary and unnecessary) of the repeated items. The fifth consisted of sentences with adjectives as the critical items, as in Experiments 1, 3, and 4, which were always grammatically unnecessary. Although the removal of an adjective can possibly change the meaning of a sentence, it is not possible given the constraints of the current materials (e.g., the adjectives had to modify a subsequent noun) to generate sentences in which the removal of the adjective renders a sentence grammatically incorrect. For the noun and verb sentences, the grammatical necessity referred to the necessity of the second repetition of the item in the sentence-removal of the critical second noun or verb would render the sentence ungrammatical as in Kanwisher and Potter (1990) . Twenty sentences of each of the following five types were used: Noun-necessary [e.g., "When she spilled the ink there was (ink) all over"], noun-unnecessary [e.g., "My dreams are (dreams) of peace"], verbnecessary [e.g.,"Men love women who (love) to cook"], verb-unnecessary [e.g., "The army fought long and (fought) hard"], and adjective-unnecessary [e.g., "The sad woman wrote (sad) poems"].
The noun-necessary items were in fact the items from Experiment 1 of Kanwisher and Potter (1990) , with the exception that one of those sentences (in which the second repetition of the noun "poison" took the form of a verb) was replaced with one of the nounbased, identical word sentences from Experiment 5 of Kanwisher and Potter (1990) . The noun-unnecessary, verb-necessary, verb-unnecessary, and adjective sentences were generated so that they matched, on a sentence by sentence basis, the 20 noun-necessary sentences in such surface details as the number of words, the positions of the critical words within each sentence, and, hence, the lag between the critical words in each sentence. This matching required some grammatically-strained sentences, especially for the adjective-based sentences that had to have lags of 1, typically forcing the use of comma delimited lists of adjectives. The same was also generally true of verb-based sentences, typically requiring the use of "and" and other circumlocutions between the verbs. For each noun-necessary sentence, then, there was a corresponding sentence from each of the four remaining categories that matched it in length, position of the critical words, and lag. Three additional sentences of various types were added to the beginning of the set to serve as practice items. The procedure was otherwise identical to that of Experiment 1.
Results and Discussion
The results of Experiment 5 are displayed in Table 2 . Because the 5 conditions do not constitute a complete crossing of the variables of interest, two analyses were required. The first consisted of a 2 (noun vs. verb) x 2 (necessary vs. unnecessary) x 2 (repeated vs. unrepeated) within-subjects ANOVA to evaluate the combined effects of word class and Table 2 : The mean rates (proportions) of repeated and unrepeated recall for Experiment 5 as a function of sentence subset. The subset labelled "nouns necessary" refers to the sentences from Experiment 1 of Kanwisher and Potter (1990) . Differences significant at the .05 level are flagged with an asterisk (*), along with the corresponding 95% confidence intervals for within-subject effects (Loftus & Masson, 1994 The second analysis consisted of a 3 (word class) x 2 (repetition) ANOVA using only the grammatically unnecessary versions of the sentences to evaluate the effects of word class across the three categories that were tested. There was a significant main effect of word class, F (2, 15) = 4.15, MSE = 0.013. Orthogonal contrasts using the main-effect error-term revealed that nouns were recalled significantly better than verbs and adjectives combined [F (1, 15) = 8.38], which did not differ significantly from each other, F < 1. There was a significant repetition deficit: unrepeated words (M = 0.18) were recalled better than repeated words (M = 0.05), F (1, 15) = 15.14, MSE = 0.024. Again, however, word class did not significantly moderate the repetition deficit, F < 1.
Experiment 5 demonstrated that when the sets of sentences differing in word-class and grammatical necessity were matched with the surface structure (i.e., sentence length, position of the critical items, and the lag between them) of the original noun-necessary set from Kanwisher and Potter (1990) , neither word-class nor grammatical necessity was important in producing the repetition deficit. Both of these factors had the anticipated effects on recall: critical nouns were better recalled than both critical verbs and adjectives, and grammatically necessary critical items were better recalled than grammatically unnecessary items, but neither significantly moderated the repetition deficit. Thus, the effect of word class on the repetition deficit found in general over the previous experiments is unlikely to have been a direct effect of either word class or grammatical necessity. Rather, from the results of the current experiment and those of Experiment 4, it appears more likely to have been a function of differences in the surface structure (such as the lag between critical items) that typical sentences of each of the word and grammatical classes tend to embody.
General Discussion
We began this research with a surprising failure to obtain a repetition deficit with the RSVP of words in sentences, using adjectives rather than nouns as the critical items. This failure occurred despite at least a subset of the sentences meeting the conditions generally thought to be required to demonstrate the effect. Experiment 2 demonstrated that this failure was not due to the peculiarities of our procedures, equipment, or participants in that we were able to generate substantial repetition deficits with the Kanwisher and Potter (1990) materials as modified to match the procedures of our first experiment. Experiment 3 found that it was possible to demonstrate a repetition deficit with the short-lag adjective materials as long as the surrounding context was other short-lag sentences; thus, it appears that it was the surrounding context of long-lag sentences in Experiment 1 that was sufficient to eliminate the repetition deficit for the subset of sentences meeting the critical lag requirement. However, Experiment 4 showed that this long-lag context was not sufficient to eliminate the repetition deficit for the Kanwisher and Potter (1990) materials, although the deficit was substantially reduced. Subsidiary results suggested that at least part of this remaining repetition deficit could be due to residual differences in the distribution of lags of even the short-lag sentences. Experiment 5 demonstrated that the critical difference between nouns and adjectives for producing repetition deficits appears to be neither grammatical necessity nor the word class per se, but rather the differences in surface structure that generating sentences using different word classes tends to introduce.
As noted in the introduction to this paper, the impression one gets from reading the literature on repetition deficits following RSVP is that of a robust perceptual phenomenon, transcending conditions and tasks, and what otherwise are powerful influences on recall. The current results, however, suggest instead that repetition deficits in RSVP are surprisingly labile, showing a sensitivity to variables and procedures not anticipated by common explanations for the phenomenon. To account for these effects, both general explanations need augmentation. For example, as discussed following Experiment 3, to account for the context effect of Experiments 1, 3, and 4, perception-based accounts require the addition of some sort of categorical "priming" of sensitivity to repetitions in keeping with idea that repetition deficits in RSVP are a function of differences in sensitivity rather than bias (see Kanwisher, Kim, & Wickens, 1996) . However, it is not at all clear what the mechanism for such categorical priming of sensitivity would be.
For retrieval-time accounts, in contrast, a plausible explanation for list-context effects is well-established: such effects are often attributed to shifts in the bias to respond with exemplars of the primed category, which in this case are repetitions of previously reported words. For example, the list context effect of the proportion of old vs. new items in perceptual identification tasks has been attributed to unconscious bias shifts in the tendency to report members of the majority category, rather than to an increase in the sensitivity to perceive such items (e.g., Allen & Jacoby, 1990; Ratcliff, McKoon, & Verwoerd, 1989) . That is, participants become sensitive to the regularities or structure of the stimulus sets they encounter (which then biases the output), rather than to the stimuli themselves. Such sensitivity need not be either conscious (e.g., in the sense of an explicit setting of a response criterion) or abstract (e.g., in the sense of "types") (e.g., Allen & Jacoby, 1990; Higham & Brooks, 1997; Vokey & Brooks, 1992; Whittlesea & Dorken, 1993) . Following this line of reasoning, we assume that under the usual circumstances of these experiments [i.e., all short-lag sentences, as in Kanwisher and Potter (1990) and Experiments 2, 3, and 5], the repetition deficit generally occurs as a pre-existing bias against reporting repetitions (unless the evidence for such is overwhelming, as in longer and longer lag sentences where repetition priming can occur), presumably as a consequence of their relative rarity in everyday language experience (due to the use of pronouns, other synonyms, and grammatical elision-as in our grammatically unnecessary sentences in Experiment 5-to avoid repeating words in sentences). That is, under these circumstances, the effect of this bias increases as lag decreases. However, in the context of long-lag sentences with their many, readily apparent repetitions (as in Experiments 1 and 4) the pre-existing bias against repetitions (for the short-lag sentences) becomes counteracted by the locally determined, structurally-induced bias in favour of reporting repetitions, and the usual repetition deficit in recall is reduced [the Kanwisher and Potter (1990) materials] or eliminated (the adjective-based materials). Furthermore, it is the interaction of these two biases and the difficulty of the task as a function of lag that presumably is responsible for the difference between the Kanwisher and Potter (1990) materials and the short-lag adjective sentences in Experiment 4.
A direct test of these ideas requires an explicit manipulation of the relevant components of list context. Thus, if it is the case that participants' report of repetitions for some subset of sentences is influenced by a surrounding context of easily recalled repetitions, then directly manipulating the proportion of easily recalled repetitions should affect the repetition deficit. For example, holding lag constant (e.g., all sentences having lags of 3 or fewer), the list context of some focal set of sentences could be manipulated by increasing or decreasing the RSVP presentation duration of a surrounding set of repetition sentences, but not that of the focal set. Under these circumstances, the magnitude of the repetition defict for the focal set should decrease as the presentation duration of the context sentences increases.
The principle difficulty as we see it here is with the use of recall as an index of perceptual experience (cf., Whittlesea & Wai, 1997) . Perhaps if we were talking only of the immediate recall of a briefly-presented single letter or word, we would have less reason to be concerned about the assumption that the recall is an unbiased index of perception. But following the RSVP of a multiple word sentence, with all we know about the myriad non-perceptual influences on recall, we should perhaps be less confident in its use as such an index. After all, nobody would be surprised, following a delay of a day or a fortnight, that all that was reported of the experience was the gist, accompanied by few of the original expressive elements (Bartlett, 1932; Bransford & Franks, 1971 ). But we would not thereby argue that the current recall was an accurate report of the original perceptual experience, nor would we necessarily attribute the failures of the current report to failures of the original perceptual experience. Rather, we would most likely attribute the failures to the well known biases and deficiencies of the report process itself.
